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SUMMARY

This lecture presents s survey of the use of the remotely piloted research vehicie (RPRV) in
seronsutical resesrch. The paper emphasises the 7light test experience that has been scquired at the
NASA Dryden Flight Research Center with several types of RPRV 's. including those with a pilot in the loop.
8 concept developed at Dryden. The paper discusses the applicstion of RPRV's to various test objectives:
the spproaches utilized range from the simplest and least expensive of vehicles ., such s the Minisniffer,
to the very sophisticated and cumplex highly maneuversble sircraft technology (HilMAT) RPRV.

The scvantages and disadvantages of RPRV's are discussed . as well as safety consaderations.
The ground rules set early in & program can profcundly affect program cost effectiveness and timeliness.

1.0 INTRODUCTICN

Experiments in 7eotely pilcted vehicle (RPV) flight testing began at the NASA Dryden Fight
Resesarch Center approximately 10 years ago. Those early tests started by adding a test pilot and digital
Somputes elements to state-of-the-art drone technology . Esch succeeding RPV program mace greater use of
hese elements in meeting research cdjectives.

The RPRV (the worx! tesearch was first sdded to RPV in Ref (1)) became incressingly populer with
NASA engineers and program managers becsuse of its grester flexidbility and because they had grester
ochitrol over what the aireraft did in flight. 1his control was achieved from sn aircreft-type cockpit that
wes on: the ground and incorporsted » full uistrumer figh' rules (IFR; panel. a forward-jooking TV, and
variable stick-force gradients. A progranmable ground computer functioned ¢s a part of an experimental
aircraft control system. The RPRV was less popular wity NASA test pilots, on the bther hand, becsuse
they had fewer opportunities to fi. RFRY 's and because Dore aimuiation time was necessary to prepare for
fyiag RPRVY'z. The pilots’ skili 11.d knowledg~ were clten quite highly exed in order to successfully
complet: an RFRY mission.

In the meantime , arguments in {2.vof of the RPRV me( with suscess 1n the promoticn of new pro-
grams .

We originaily put the tedt pilet o the grver? and an RPRY in the air becsuss the cost and time
necessary to develop new rescarch mrcreft the conventional way had become prohihitive. ¥uzh more
ground sys.em, structures. and wind tinnel testing goes into todsy's aircral: in 1950, a new aircraft
underwent an aversy. of 1200 hours nf wind uanel testing. in 1974, approximately 12,000 The ad4itional!
wind turnel test time is due partaily to the sophisticslion of the sircraft, whica Takes i Sifficult Lo dupli-
cate configuration perturbations and flight conditions sccurately in the systems, structuras, and materials
groutid ¢ .». The result is that many additional hours of wind tunnel f{acilities are necessary to give
confid: e in the dex. Aad the *mesmous 1Nerwent involved wi~ disvouraging the research ~ommunity
from wsaging bold moves intc new tecnnology .

We at Dryden found the RPRV stiractive because it built confidence in new technology by demon-
strating its capabilities in the real ané¢ dyrnamic environment of flight. Use of RPRV's seemed especizily
sdvantageous because it permitted testing to be done at low cost, in quick response to demand, and at no
rizk ©© the pilot.

The RPRV has the potential fo- low cost because of its smaller size. lack of life support systems,
and !owe= requirement for redundant systems. The Juick response time and -~duced cost result from the
eliminanon of r _nv mani sting tests and from tha ability to use simple and mod:. :ble structures. The use of
pragrar qst.’'» ground-based contro! systems also provides quick response, as we.l as flexibility. Finally,
hazardor  wting is poesible because th2 vehicles may be considered expendable or semiexpendsble.

The RPRV differs from the militarv drone or RPV in that it gives a test pilok exactly the same re-
*-n abilities and tasks &3 if he were sitting in a cockpit on board a research airplane. As in manned flight
ting, the pilot has complete responsibility for performing data maneuvers, evaluating vehicle und systens
performance. ind determining thie appropriate action to take in emergencies or {f the etircraft does not re-
spunid £ expected .

The mission of & military RPV. on the other hand, 1t so distinct that an autopilot can be programed.
The crafl's saerodynamic perforrmance is accurstely iefined in extensive v n¢ tunnal and fiight testing, and
the desiqn of the sitontlot Lz based on these tests. Of coarse, the flexibility of the autopilot is limited to
certa’n routire 3, wuch as cru.se, 15° turns . and 30° turns. The controller fire adjusts the autopilot. o=
reveral o' lopilots 2! once. for he may have a whole formation under his guidence.
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in contrast, the RPRV is d¢signed to venture int» unexploved enginesring tercitory. It does not
periorm a stereotyped routine, and part of its mission. is /< axplore the serodynanic performance of the
vehicle. Versatility is necessary fsr this type of testing, end a pilol is the most versstile system we have.
Completely responsible for vehicls oantrol. a pilot cen handle only one RPRV ot a time. Versatility proved
to be a significant selling point fo-- RPRV's.

"8ending more comasnd: up to the vehicle and getting a large quentity of high quality data back
constantly with no dropotts or glitchea takes broader snd more relisble radio-link bLands than for an RPV.
The RPRV contral systsm would be vuinerable i electronic countermessurcs. thus would be 1*~ ~uitable in
A nilitary situstion . Experience is always the best tescher. Six years of RPRV flight exper: v at
Dryden have been logged since the words adove appeared in Rcference (1). The purpoee of this lecture
is to pess on the lessons learnad in RPRV flight testing during that time .

2.0 RPRV FACILITY

The RPRV has in its .ontrol loop 8 powerfu. ground-based digital computer (Fig 2.0-1). Pro-
graming the computer substitutes for the expensive duilding of new control syutem design festures into
the vehicie itsslf. The computer, locuted in s ground-besed RPRV facility along with a ground cockpit,
aerves as part of the RPRV simulstor as well. Unlike a manned siscraft control system, it can be used in
seversl successive vehicles .

3.. NASA RPRV PROGRAMS

Pigure 3.0-1 illustrates the sigh: RPRV programs that have been conducted at the Dryden Plight
Research: Cervar’mince 194%. The big G Parcwing and Winisniffer vehicles were operated more like con-
ventional dronas and were not consicero true RPRV's.

Tadles 3.0-1 and 3.0-2 summarise the cbjectiver snd characteristics of these RPRV programs.
Hardware gualificaijo> (Tsble 3.0-1) signifies the testing of exnerimental system campoients intended
for use in follow-on prograxa. From Table 3.0-2, it is obvious thet the scope and cost of the RPRV pro-
orams vary w.dely. For exsmwple. the very limited scope of the Big G Parawing program permitted its
cos* w be orders of agnitude less then that of the highly maneuverable aircraft technology (HIMAT)
program. The mescage is thai RFFY programs can be designed to match facilities, funds, and per-
#0252 to the ressurces availsble.

A brief descrip n o 2ach RPRV program foliows.

controk-
TF-104G
chase arcraft
8-22 launch —_ /=X
- / o
-~ - =
L= ==
- _—
Q Downlink Uplink
L,
™
receiver
Uplink discretes
I im_J v-n
Telematry V1T Stick data control Uplirk
| decomMmutIien I pmputer i encuder
station computer
]L riat's indicators
Teienatry data

Fig 2.0-1 RPRYV control system.
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Fig 3.0-! NASA RPRV programs.
Table 3.0-1 RPRV Program Obiectives
Objectives
RPRYV program Basic research Proof of concept Hardware
S
Aerodynamics | Structures Propulsion demenateation | conflurstion qualification

Big G Parawing --= --- --- --- X X
Hyper IlI X --- --- X X ---
PA-30 --- --- --- X -- b ¢
3/8-scale P-15 X --- --- X .
Minisniffer X X X X X X
Oblique wing X .- --- X X ---
past! x x X x
HIMAT? x x x x X
F-88 X
1

Drones for serodynamic and structural testing .

1Hi|rth maneuversble aircraft technology .
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3.1 Big & Perawing

The Big © Pavewiop progren was initiated 1o syplore the piloting sroblems involved in stesving
Ump-parawing spacecrall conliguration B » precieion landing on e grousd . Tn 1967, Gw HABA Jobmeon
Sraes Contor was serlously sonsidering the development of 4 large version of Uwe Canlnd spacserall thal
would be caneble of roturning 12 astronants o s landing on earth by meann of 2 gliding parachate.

The Big G Parawing program ut Drvden bed twe phases. Thw fedl, a0 BPAY phase . was Intented
o guslily the parewing syetem, e slructure, and the pliot control syeien, ae woll ss 1o messure the loads
impoand on o archropomorpble dummy (Fig 3.0-1) during perawing deplovment and grownd conlest
el (213, 1o the ceoond ohase, e anth rpbic dommy waz ohe veplaced by &l plle Flg 3.1-03
1o sxplope the plloting problems Invelved i eleering the erall o o landing whils lodk. g theough 4
viewing povt aimiler o that s the Gemind spececralt. Porty succesaful RPRY Dights were conducted
from 3000 meter drops o precision landings by & vivnel pilot (o plict welching from the grounn) uslng
# model alrplane transndtier . The second phuve of the progrem wis concelled whon HABA decided o
shandon the drop convept in fevor of the horizontal landing (shuttle) moncept.,

w-dptel

Pig 2. 0-1 Porowing lest vehicly,
P
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Fig 8. 1-2 BPRY lest vehivke with antthropomorphic dummy .

3.2 Hyper G

The oifective of the Hyper 11 program (lef (310 waa to acguirs Tk date and investigate the un-
sugmerted aubsorie Uying charaoteristivs of o veentry spacecrall capabie of Tipll ol Wy personic sposds
avd ot Bigh Db oa-deay (LD rabios (L0 = 33 The spacocrel utiliced 2 leploveble single-ploce skewad
wing (Flg J.2-10. The vebicle was lowed by helicopter to 3000 maters . biunched . and then Town down to
aboul 200 metors oy 4 pllot weing Inslvument Dipnt rules Trom o grousod codkpit, At that altitude control
waus fransferved o o visug! pliot, who condidded an vapowered Dove and landing. The blopest mperntions]
prablem ocourred i wed Oloht the Poper Y had o Yendeney o make S turns below and belird e hells

copter . The IFR pllot found Yol by superimeniuey he could demp ou ceae turns by relereing lo e
attitads Indicator in the ground pockpit sl meking the appropriale . ool lpasts. The rest of the Dight
went soeording to plan us praciiced on the simulator for e IFR pilot and a8 practiced on speed-scaled
radic-control models by the visusl pilot.

B 2040d

Pig 3.2~ Hypev W with shewed wing instolied ond poeporimental folding flex-wing on ground,
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4.3 PA-e

The copirol system Tor te Uph! twin-engine PA-30 sivolane (Flg 3 .5-1) was oviginally developed
4% the HaBA Dryden Plighl Research Conter for expevimenial control svstems work . The comesls oy e
1l seal ave vigged vlectrically for Uy -l owine control throogh o bvdrenlio sonteel wyatom . The vomdrsl
sy stem comamanded Tror the vight sedl s the besle mecharivel syaion , and 1 emplove 5 selely enlout sy ulen
B0 fhe aulety pilol can ke Bamediste conteol of e wircrel ot any Yme. The downiink dals travemission
wysten In e slverelt made o vutursl to nstedl & control systenm upliok and o 1Y Gownlink for BPRY dev -
Lot and voseoreh, The P4 -0 hae been uaed b develop weverel BPRY operationg 4. neludiog
the ground-booed computer contrel wywten (9el (40 40 sulomatie Dackup landiog system for the HIMAT
wnpiels, The airoraft i never fown without 2 soisty pliot on board .

CECN 2088
Fig 3.3~1 PA-30 airplane used for BPRY aevelopment and simulotion.

3.4 UiE-Beale Fo 15

The abinctive ol the 3/ 8-soale T8 program [Plg 3.4-13 was bo explore the sevodynamic and cons

trod westem charsplovisticn of the ¥ wivevall 1o aping v Blgh-wngio-ol-alleck T, The preogren v
deaipned 1o mohe e sl use o existing soulpmers 88 U Drvden PHEW Hessuroh Cander . Por evaninle,
hedraudic, gyl and telemetey avatons avaiiable Teow e rerived Hiiog by progcens wave ol for e
alroesit's voniyol aystenms. The peoporbonsl upling then belng ueed by researchers Do rananilibng redny
date o piled divector Insteumenis on board sircrall Tor curved Wtvument Linding svalen (LB naperitonts
wan ineorporaied in the 3% senle 08 glvovelt Tor volioh contyod. Ground dels processing compulers wore
lan prossed into sevvice for the progeanmable grovnd-based vonivol systen. A peoors prpose simulilor
corknlt balng uned for olab iy and vondeod sludion wan ullined Tor e WPRY pllol vomlesl slutlnn . 4wl
ahy recovRy ayaben THALE Fiteber | parerlvste svstum wan ulilized for wehiols rooovery during the frat
Highis. Lalee Ulebls ulilied hovizen sl lnding oy veroveyy.

Ao eovireet won bel te conatruet three models o conteln the HASA ssupplisd sgulpment.

The complels i lnrlly of Ve MABRA crew wlih Dhe wiveralt souipmenl, vomblined with eauy ovoun
iy the o ard unesowded spens nedde the vebdole o work oo the sgulpeient made the sperelion ol
thig v s velntively alralgtilorward . o oisd, 30 beunches wers mods drom 14000 melern. Dl wers
autilenn v sanlore the ooty of dilloren nons s wred el e devices ss well as the elfecis o7
varions contral aysiem sohemes on vehicle spin chernctoviatics (Bels (51 o (i),
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Fig § 4-1 &/8-scale F- 15 being guided 1o horizontad landing by APRY TV link

3 Mintsnifler

The Minisniffer progeam. which began in 1975, was initisted o develop o ammal] unmanngd almos-
pheric survey sirersit capable of sensing Wrbnlence and of messuring bath raturad and wnan-made almos -
phevie pollutants o altitudes up to 27 000 meters (Ref (833, The vehicle was o e able o By ot low speeds
ano to be ahls to maneuver precisely al steatospherie sitiludes o conducl stmospheric resesrch on g
voutine basis. The design missions cailed for the vehicls 1o carey an 11 Blicgran air sampler o
21800 motors and to oruize o1 that altitude for a0 houe over o range of sbout 320 kilometers, or lo glide
back from a 27,000 meter olimb

An essential slement in tae Minisniffor concept was the development of a reziprocating monopro:
pellent hydrazing engine to drive o large, slowly turning oropelier. The MASA Johinson Space Center
took respunsibility for the developiment of the hvdrazine enpine: Dradin was rosponatble for the develop-
ment of the complels syatem, Waile Johnson worked on the bydrazine engine (Fig 4513 Drvden it
the Minianifier with vonventions] gasoling propulsion for sarly Oights (Fig 3 5-2) so work eould procesd
on the vehicle's asrodynamics, sivucture, and guidance and control systoma,

B-qld

Fig 2.5-1 Minisniffer with hydrozine propulsion,
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Big 3 5-2 Minisniffer with gosoline propulsion,

The tirst Hight tosls were ronducted with model aireralt radic conlyol aygloms. Acthuslors were
doubled up whon gresler hinge moments domanded 3. Later, a special Uphlweight radio controd gystem
eharscterized by longevity and high relisbility ot bign slbiludes was developed. A simple wings Jeveler
aystem was found 1o be neconsary o turbulent alr. A yaw-rale gyro drove the rudders thal served as Uw
winga-loveler svatem. The sysiem worked through dihedral effeq ol all allitudes e was dusigned 1o
surve os o Duteh-roll vaw damper ol sltiludes above 15,200 meters. The hydrazine eogine wos demon -
strated in (Hght 1o 8000 meders with o Uxed-piloh propeller. Howover, program funds were nol available
10 develop the varisble -plich propeller needed to climb Lo higher sltitudes.

4 tater study with the NASA Jot Propulsion Laboratory showed that the Minisniffer could - vrfory
well in the rerified corbon diozide simosphere of the oot Mars. The 38 percent carth gravily ou Mars
makes loss horsepower necessary for Olght, piving U Wydrazine-propelied Mindanifler 2 theorotionl
2000 kilometer ranpe vver the Mars surface, Use of & dinisnilfer-1y pe vehiele for Mars exploration is stll
under consideration . :

3.8 Obiliue Wing

The MAZA Ames Hewearch Center decided o investigate the nblinue wing convept privarily because
of s potentis] for snhancing lransonie eruise efficiency. The ldea is o position the iraight-across wing
mt cioht masrles Lo the Duselage for takeolf and landing and 1o swing one wingtip forward for craise Oight,
Wind tunned dote sequired in the Ames wind tunnels indiested thet an oblinue wing condiguration might
have lower dreag than, for example, varisble sweep wings a8 well a5 have lower sonle-hoom potentinl on
the ground track.

Alter o vadio-vontrotled model was built and Hown by Bobert T Jones gl Ames, the Ames eigls
neerr devised an RPAY program to Dirther demonsteste Ue conlipuration. A contvact was swarded for the
desigr and development of 8 subsonic-om, obllgue-wing RPRY, The veblcls wan 1o be capable of Oight
with no tadl oy with minimum 1ol 50 e airersl could be made s compact 28 possible,. 4 duet around the
propelier was part of the overall slructural and serodynemic scheme,

The reaulting vebicle (P 3.8 1) was turned over to Depden for Dignt lesting. The gkt test
program wea short and slmple, with a small tearm of Ames and Dryden parsonnel working ltogether o

Flg 4.0-1 Obligue wing #PHY.




soequire stability and control dets (Ref (93} Three Nights were mady, and the wing was placed ! angles
up to 45°. The same mode! airplavie uplink syuten used b the early pheses of the Sirisniller program
was used 1o control the vehicle: however, bigyer elosiric sctustors were required .

3.7 Drones for serodvnsmic and structural testin

The drones for sevodynamic and structural testing (DAST) progran was deaigned 1o tesl arge
scale modeds of wings designed for high efficiency cruise in Olght sl Gensonic speads in comblnation with
gxperimental flutler aupprossion syatema. The high fuselsge Bner s ratio and supersonic capability of
the Firebee 11 drone mede an ideal testbed for thess experimental wings. A Firebeo U drone loaned o
KASA by the Alr Force was squinped with sn experboentsd wing (Fig 3.7-10 ot the MASBA Langley Resorrch
Conter. The drone was modilied st the NASA Dryden Flight Research Uenter to Incorporaie an BPRY
fight conteol syston in which the tesl pilot has direct control over the maneuvery performed with (e air-
craft, The DAST | wing hes s Whitcomb supercritical alefdl section and incorporates small aileron-like
surfaces condrolled by an electronic-hwdraulic Duller suppression system. The DAST | vehivle 1s intended
1o be flown beyoad the Butter boundary of Lie wing in order o domonstiraie the sflsctiveness of the fulter
suppression syelem. A parachute syatem s avallable 1o recover the alrerall in case of 8y unpradicted
fallure of the wing.

¥

ECN 10988

Fig 3.7-1 DAST RPRY with experimental wing. . 5

1.8 Highly meneuverable siversfl teciinol gy ‘
L ‘
The HINAT project utilizes o 44 percent-scale model of a 7700 kilogram fighter. 1t has a wingapan
of fust over 4.8 meters snd & length of 6 S meters. 1t was designed 1o be 2ir lauached from s B-57 airplane,
and it should be capable of apeeds {n excess of Mach 1.5, Two of *he research vehicles have been bulll,

The HIMAT BPRYV (Fig 3 .8-13 is an experimental vehicle In which a sonergistic approsch 18 heing
used lo pecelorste the development of 2 new fighter aircralt (Befa (103 1o (10)) . This approach inwolves
sombining many new high-risk technedogion into one  shicle to provide Info-mation on the intersction Le:
tween the systems. One of the lochnologleal sdvances incorporated in the HIMAT vehicle 15 the compoulie
tderinl nsed for aporodimately 30 percent of Hs construction. ' addition 1o weighn savings, the componite
materisl sllows the wings and cocerds bo be asrcelastiondly tallored for incronsed maneuversb ity and
performance . Aerceiastic tallorine uses the unigue directional properties of the grapiiie composile mate-
#ials to control bending and wisling under serodynamic loading . In the process of manufacturing the
componite, the fibers in the materisl are oriented in the direction thal resulls in lavorsble wing wisiing ns
aeredynamic loading incresses, The HIMAT'a componite wing can be compared roughly 1o o wond venoer
that g 64l in ane Jivection but plisble dn ansther ., Under ¢ stresses, the composile siructure deforns
snough to give the vehicle about 10 peveent sdditional maneuvering capebility, sven in very Hghl turns

The HIMAT contrel system is of the digital iy -by-wire type  which is Hehtor in welght than u con-
ventional control aystem. Pllot commands are fod vin telemaley to an onboned ¢ apuler, which senda
clectronic commandd to the Higat control surfaces . Ancther fechnology Leing tested in an integraled pro
pulsion system, Inslend of 4 vony :ntions] hydromechanical system, s syatem usen 2 digital computer
contral the aircvall's entire propulsion syatem . The HIMAT vehicle s powered by a IS8 intanglne,. T ¢
resenrch vehlele aloo incorporates selive eontrol technology thal causes the THgh control svabsn b provide
the sirerail's osule stablility . Une of this technology saves welyht and increnses perfopmanes, sinee the
aize of the stabilizing nudaces can be reduced :

One ol the deslun requivements T the HIMAT vehicle wias thal no single fatlure should peemit the
loss of the vehicls. Because of thia dealpn philosophy, dunl wvatems ere inoorprvaiad throughoul the
airerall. This appledt o the micropros cssor computers, L vdrsulic nnd electric systems. servasshiatnrsg,
uplink receivars aw! antennss, downlink transmitiers, and antennas.




¥ g Fi

ECH 130585

Flg 3.8-1 HIMAT RPRY after londing on dry loke
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| Dryden has been participating in 8 10in! prograe with the Federal avistion Administralion (FA4)
Bominimize or eliminnts the hazard 1o small aireeall of encountering the winglip Yortives generated by
lmvge 1ot aivevalt. In this program. an instrumonted manned 137 1ot trainer ol Drvden had heen vuen 1o
prooe the wake of o B-747 gicoraft af allitude. [t was deemed oo dangerous (o encounter thess vortices
cloge to the ground

Th daval Weapons Corter at Chine Lake was then sskod 1o participale in tests using rne of thelr
P88 5PY's (Figr 3.9-11 The Navy had developed an BPY target uystom around surplus F a8 Papblee i
eraft, using a sysiem very similac to the cne used for the 3/8-seale F-105 svatom. A surpius F 36 groungd
aimulstor is used in conjunction with » trensmitted TV image, and the pitat contrals the F 88 directy | with
full aerebatic maneuvering capabuity

& fhght teet nrogram was then developed In which the F-BE BPRY way uaed o probwe the visibie
wake of g B-747 (Fig 1.9-0 dunis - banding and takeotl . Tweniy Dy coeounters with 8 247 sanetip
voriiees were made with the £-86 REBY . Uhe BPRY pilol prevented the ¥ B8 from conturting the grou:
several times throoeh hus sbilily 1y respond guiekly o sirerall unsets. the value of the BPRY technigue

was demonstrated through tese tests alone, because the dats could aot have been ae walred in any other
vy,

BCH 12332

Fiy 301 F-38 RPV ueed 1o probe wingtip vortices generated by l-747,




Fip 3.8-2 B-747 with wingtip vorticey mede vinble by smoke geeerglors.

.0 HPRY OPERATIONAL FEATURES

A Tabie 4.0 summarizes some of the operational features of the BPRN orograms condueied o1 e
ﬁsﬁ{iﬁﬁﬂ Flight Researoh Conter. The ground cockpil with, lownhinked TV i3 the most popular piloting tech-
nigue  Pilotiog through visum conted) with the radio controlled airplaae fas been used ondy 1o soadl pro-
“rams, where Jow cost und simolieity are of primary importance.

i

Table 4 00 BERY sueatianal Feature

Loanmal g Booutery tehnage Prioling trehiugue

ey aer drep Gliding pararhule Vinual, stalionary
gl mxéu, VisURL
sLationary

| Ground hpit 11V
wulely poiyt

Helimpier tow Honsninl lanaing

Bag o Parawing
Hyger 11
] parachule baskup

PA 30 L Hapzonil takeolt 1 Harizorawl landing

o5 o MR8 and horizonial
: landing

3 % weale ¥ LB sround covkpat TV

Minianitier E

OBl wing
DIAST
L OHMAT

Horizonial Tkt

Horizontsl takeot]
B33 drap
B-S1drop

¥ % é {orizonis’ takent]

The B-57 airplane is the vehicle purrentiv being used to lsunch HPRY aireralt at Dryden. Although
it is much larser than necssaary to carey RERV s aloft, it has proven to be cont offective in the manner in
which it ia being used: » low lsunch frequency (one Z-hour Cight per month for the DAST and HIMAT

programs) reduces s operaling costs Lo 4 sma

Hoyizontal landing

Horisontal landing

WARS
Hepdzanlal landing

Horizenisl lardding

WAL BT Chee
radar. 1Y

Ground ooeipil (1Y

Sround cocknil. BI04 chase

| Ground coekpit (TV .

F- 104 chose . sutomatic

Lround cockpit (1Y)
T 33 chase

1l propartion of the totsl prograr operating cost.

The midalr recovery system was used for the J/8-nenle £ 12 and DAST RPRY &, This recovery

technigue was chosen because the Edwards Alr Force Bage 6514
furnisn s heticopter and crew ‘o copiure the RERY '8 i the para
proficiency and skill {s necen. o
muintaing proficiency by praclie
missiles . 1t wouls nol be cast ¢Tective for NASA to maintain such s capebility

RPHV 5.
5.0

Eaeh RPAY program haes s own set of civeumstances and appeansches To safety

th Test Sgusdron was willing ne” able (o
shute MARS mode. A high degree of crew
M to make consistently sucoesshul captures . The Alr Foree MARS crew
i with dummy payioads and by relrieving Al boree drones and cruise

for 118 Limited number of

CHeve are somp

sie paidelines that are consistently followed | howi ver. The most fundamenial o these ds that the salety
of the peoi s in the lnunch airerafl and on the ground has priovity over the presorvation of the RPRY

The ground rules set up foroa particular BPRY gropram may sperify that the venicle s expendable
or semiexpendable These gultelines are followed when e acguisition of data or Hight results under

condditions that put the veliele st visk s conaidered more Beaartant tha

theose cirvumswences, i all of the dala obleci
e end of the pht, the progrem in still conaidered successiul The ground rulsd sel up for the oblique

wing proyram were similar to this,

e bnas of the vehicle . inder
are arhieved o one flight and the vehicle orashes ol

“awerer . all three planned Oights were Hown without vehisde Insa.
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The ground rules for the obliyus wing wers set up in Uis way becsuse personnel salety and dute
objectives did not reguire vehicie recovery and becsuse the program’s cost and time constrsinis did not
perpdt the precsutions (hat would snsure the salety of the vehiicle. Personnel salely could be ensured
bevaure the polinue wing was flowr within the sirspsce over Edwards Alr Poree Base , an sirepses from
which commercint ur tralfic is sxcluded . Further, there sre 1o homes or businesses in the reglon where
the fioht tests were vonducted . The vehicle was ot risk brosuse 1t had no sulopilot functions and was
b s.cally spirally unstable . Tt had no redundsn® systems whatsosyer, hot sven s backup visual pilod in
cnse the IFR piled in the cockpit using downlink TV lost control of the wehicle. Thua. tany systenm lailures
would necesskriiv have resultad in 3 crash. However, aa planned, the lsck of redundancy permitied the
Hight tew program 1o be sonducted 8t low cost and in 8 timely manner,

15 direct conteest, nothing was spared 10 svold the loss of the HIMAT vehicle. 1 he design ohilos-
opby for HIMAT was "o single failure shall ceuse the Joss of the wvehicle " This project ground rale,
of course , did not take priorily over personnel safety . The foremost safety concern in any of the 8-51
launch operations 1s the safety of the B-57 air crew in s possible collision between the RPRY and the B-52
after lounch . Launch dynamics are carefully analyied Ior svery air-launch vebich. Much though! goes
into the operationsl schemes o ensure a clean launch, especislly i the cxse of unatable velicles, and
precautions vary from Jocking the controls fo installing jetiisonatie RPRV nose halias!.

6.0 INSTRUMENT PLIGHT RULES PUHOT TRAINING

5.1 Cockpit charsctoristios

For RPREY = moqt vohicle control is done from 8 ground vockyit not unlike & grouna-based simu-
letor cockpil. The pockpit containg airerafl controls and IFR instruments that are tie into the RPRY through
adata link and tracking system. Ground computers sre used wilh the more sophisticated RFRV 5
(Fig 2.0-13. The cockpit is squipped witn 3 TV sereen only if horizonts! takeoffs or landings are plsnned .

At Dryden, 8PRY s are ususlly flown fvom cockpils locatesd in the so-called RERY © Gty an ares
in the main bullding . However, on socasion cockpils heve also been instalied in vans or tradiers near the
Might testing in order to shorten the radic range for landing and takeo!T operations. The Hyper 1] and
oblisgue wing corkpils were poriable and used at the remole landing sites (Fig 8.1-1}.

E-Zi382

Fig 6.1-1 Portable ouldoor Hyper {H cockpit with 177 and visual piloly in place.

6.2 Ground sunport orow

A Dlight tost engineer oflen sis newt 1o the cockplt (Fig 6.2 1) to assisl the pllot in reading cheek-
lists, thming swneuvers, and seltin s up vehicle control configurations theough the ground computer
systems. Making up o third mombaer of the team is the flight controller in the Dryden conteal roan . The
flight controller is in charge of the operation, and all of the mperationsl informetion is available to him on
plof boards, including vebicle Inlemelry Jata and radar tracking informetion. The controller 15 always in
direct contact with the RPRV pilot, by hard wire if the cockplt is in the RPRY facility or by radio U the
cocknit is al a remote site.
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Fro 5.2 1 HIMAT BPRY cockpit wuh pilol end Sight tes!l enmineer
ai flight stehions

5.3 Iron bird simulstion

A ziauiator cockpil identical o the BPRY cookpil bs used for pilod raining . In e case of the
HiNAT vehicie. the signais from the sctugl RERY cockpil sre Ted oo g generadl purpose simulation compiler
At seme Umes, signsis are fod inte the sctual (full-soaley sirorall, which is silling o an sdiscent bunger
When ihe sotual sirplane is hooked inte e simaletion tiren Bird mimaletion) . e Tight crew  pil Sighe
test enginesr. and conlrolier develop procedures and techninues for verifying sircralt computer soltwere
progravung before Dipht to delect possible svslem fallures during Dight

& .4 Training for ground vontrolied sporoaches

The vootraller and somelunes He Dgh! tesl ehocer Bay sssume the responsibitities of 3 grounc
comtraliog spbrosch (G0 A0 controler to sleer the pile? thromgh o landiog pacturn. Many & o1 ~ prege-

tics on the simulator anvolving the BPRY pust. Dign teg engivesr | and Mhgh conteallse are neceasary 1o
develop fighl plans, p o« otee research mancuvers, and develog emerpency procedures.

i VIBLAL PHLOT CRADGNG

Rodic-contrailed model investizgations have been coriucied at the Diryden Flight Besearch Cenler
with modals weilghing tess than 18 xilegrams for (he preliminary investigation of sdvanced concents
(Rate L te (1593 hud they were not consitdered RPEV prolects in and of thomselves. Badio-vontrolled
M. L L play 4 majer support role . Rowever, in providing the visual pilot with training for the lurger
seale Hyper 11 snd Snisniffer RPRV's . The so-called mother sbip (Fig 7 0-1) . 2 large 3 meler span mode!

i

s

WW

£-i828°

Fig 7 01 Hedws coniralled mother ship . o model used to lounch experimental models ond o
develop RPRY technigues
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nrphmormunyM‘Qhwwm‘m.-uWMawWﬁpu&m
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visual puot and the PR pikx.

A second redic-ocontrolied fodel, a 1/6-scale mooel of the : ~per III that was weight aceiel for
spesd Mme}.pmdmnmm“hqum.vbhi
the task of lancing the relanvely jow Lft-w—drag-retic (L/D ™ 5). unpowsred, ¢34 kilogrem, 18.7 meter
uyie: @ RPRYV .

Am«wmw-uwuwwmumnmwumv.

.0 LESSONS LEARNED IN KPRY PROGRAMS

8.1 Progra= planning

By defin tion, the purpase of the RFRV's 1a 1o acquire experimental deta. It is important st re—
search engineers spell out the data cbjectives for the progras in s much detail as pweibie sarly in the
program. The vehicle design and progras opershonal scheme sniuid be selected that schieve these
ob:ectires :n the most cost effective way. Any revisions of the program O match svailable persanrel,
faclities. and funds shouid be made only after a preliminary velicie disign and aperstional rcheme have
been selected. This type of sctivity is giso importan: i developing manned ressarch asircraft. However,
the impact an RPRY programs is greater because decisions on operstional techniques (air launch versus
ground launch, parschute recowery wersus horisontal landings . end 3¢ forth) are Zughly dependent oo
tesearch objectives.

8.2 Flexidbility: an advantage of FFRV programs

More exally thar most 0ight testing, an RPRV flight test progras. can be tauored to match available
persocnel, facilities. and funds. This i3 possible becsuse one RPRY progrem may require only the sim-
plest of venicles {(on« ihat uses & drone-type controd system . for example) . whereas snothe: RPRV pro-
gTam may reqlire a much more elaborsie vehicie, such as cne with a control system that requires seversi
control systems peogie. for the data objectives to be met. Almost every RPRV program st Dryden wae an
experiment io operaticas aid was designed © metch e avaulable operstnal personnel acd oquipment .
$.3 Stafing

Assigning an operations enginesr and crew chie! early in the velucie design phase prevents the
Joas of much tume later in the program These are the pecple who must make the vehicle work iater, and
they will make sure it will if they sre zbie to make their needs Xnown early in the wehicie design nhase.
This 18 true for cny researc: sircrail. but it 18 no less umportant for RPRV's.

.4 Simulation: & vitai tooi in RPRV D rOgTams

Because the IFR RPEV pilot lacks the motion cues, visbulity cues, and sound cues that s test pilot
stting in & manned sircraft cockpit enjoys, he must work much harder to extract information from Lye cock-
pit instruments. Simulaion is vital to RPRY programs ‘oc both systems development anc pilot treining.
‘The more cooplex an RPRV is, the more simulation time is necessary. RPRYV flighus are usually planaed in
such & way as to extract as much data as possible from each flight because of the higher risk of vehicle loss.
As a conseqguence, every minute of fight time is used to produce as much dsta as possible during the flight.
Precise t-ainiag for the maneuvers or & simuiator is necessary  give this dats return.

A small RPRV program such as that for the Minisn:iffer made use of & very simple and minimal sim-
ulatton. Howewer, the simulation proved to be very valuable in developing the wings-leveier yow damping
system and in providing pilot training. Pt training wes especially important in tnat only a turn-rate and
awrspeed indicator could be used in yaw damper—off daia mapsuvers.

[ Y Auvantages of modular approach

Probably the most time -consuming effort 1t an RPRV program ic the design . develcpment, and
ground testing of he special or newly developed systems required due to “he small size of the RPRY . If
known sysiems can be used & struture can be sized and dasigned to utilize them much more quickly than
il spccial systems must be develop< - to fit & particular struture. {The minimum size & the structure of a
sanned vehicle is dictated by the cuockpit and lue suppert s rstems.) A good analogy is wind tunnel iesting.
The wind tunnel itself. tne wind tunnel messuring systems , and the data reduction systems ire to wind
tunnel personnel what alrescdy esishl:ghed RPRV module systems are to flight test personnel. The air-
cralt structure is snslogous to wind tuit .el test models.

Building sn RPRV that has ali-new systems as well 33 s new structure ic similer to building a new
wind tunnel test facility as well as & wind tunne! test model. “he time necessary to accomplish te wci:
wervases sccordingly .

8.6 The svnergistic approsch

The hiMAT 18 the RPRV in which the synergistic applwach hai been 1sed. As of thic writing, thr e
Dights have been cunducted with the HIiMAT vehicle. More flights must be made before the full patential of
the Tawncept can be domonstrated . with £}l systems working togelhie- to result in grester vehicle
than can be provided by the sum of the individual systems.

8.6 ADVANTAGES AND DISADVANTAGES OF RPRY'S

In recommending the KPRV approach ‘o a flight test program, it 13 easy to List the advantages of the
apyroach over manned flight testing . such 8s Gie sbiity to take lugher risks in flight and to eliminate man-
rating tests. The BRPRV approsch has the polential for reduc.. g costs. In the real world. however, some



of these Deneflis max fal 0 materalize. For example. many systems sctually become manrsied becsiuse of
e danger of oclusian with manned lLauach a. zraft anc the fear of .osing the RPRV .

Tihe advaziages axd cisadvaniages of e RPSV approech to flight testing @&y be summariind &6
follcxs .

S.2 Potenial sévantsges

The potenltia: sdvantages of e KPRV approach are locwer pragran cost becsuse of amaller veucie
wize. tic elim:neborn of manrated testy . and the eliminanon of lLfe-suszport systams. Furthee . ugher
Tizie can be taken 12 RPRV's thao in manned s.rcrall.

8.2 Gisadvantages

The cisadvantages of the RPRV approsch are as follows . Higher program costs and ture celays .
oflen experienced ss & resull of the need o develop special miniaiur systems to it inte the imited space of
the small a:rriraflt. The limited space 1. smail auccrafll requires syster < 0 be siacked, making work sccess
¢unng Lught apersticns ¢ificult. As program planning procesds ., very often extrw redundancy or operatng
restriclions are Lrposad to ensure the safety of the people on the ground snc in the iaunch mrcraft. The
up- and downliink communicalions are vilnersdle to outside radio witerference, which jeopardiles mission
success. A large opershonal effert is reqwired for crew traun.ng ., the operation of trackung ranges and
sajety chase aircrefl. and the preparsbot % the RPRV ground Imcdiry for cach fuight. ln wdition, Lne-of-
sght range Limitahons resrict high-spewd RPRV operstions .

The succesalll vpemanon of +1 RPRV equires a hugn., *feciplined opersticnal team and somet’ . . :
& VeIy €.ad e operstonal networx. any Pv@hours (ust be exp- - “ed in traiming exercises, dry runs,
and brufings tc exsure sucoesLil opersio. . s & Insull, e operst. 3al cust ~er Might of an RPRY can
vl very often does wxcexd that for an equivaent manned mircra . Mo cmer. if high cats ocutput per fught
132 e planned and U rsk resisiclions cal he relazsd , BPRV crzmaniors ¢ Lt ikt effective.
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